The issue of how tones are represented and processed when speaking Mandarin Chinese was examined via naturalistic slips of the tongue. The slips were collected from tape-recorded radio call-in programs over a period of one year. One research assistant listened to the programs twice, and another listened to them a third time independently. All the errors judged to be slips by the assistants were reviewed by the author. A total of 987 slips were confirmed and classified according to the system of Garnham, Shillcock, Brown, Mill, and Cutler (1982) . With respect to the sound movement errors, it was found that, although errors of segmental phonemes were fairly common, errors of tones were rare. Moreover, the error pattern of the tones was different from that of the segmental phonemes. The relative immunity of tone to production errors is similar to the problem of stress in English. It is suggested that lexical tones in Mandarin Chinese are represented and processed differently than segmental sounds but similarly to lexical stress in English. These characteristics of the Mandarin tones relative to the segmental sounds are described in a model of phonological encoding for a single word, adapted from Levelt (1989) .
comparable evidence from Mandarin Chinese. Shen (1992 Shen ( , 1993 and Wan (1996) , providing further evidence from Mandarin tongue slips, argued that tones are best regarded as autosegmentals. Their positions are consistent with Leben's (1978) suprasegmental framework in which tones are phonologically independent of segments and the two representations are associated only through some mapping rules. In both the input and output of the rules, tone constitutes a separate level of representation from the segmental level. In Goldsmith's (1976) terminology, it is called "autosegmental." Whether tone is segmental or autosegmental, the received view from all these studies seems to be that it is a production unit, just like segment, which can be selected from mental storage and inserted into a positional frame during phonological encoding.
Despite the apparent consensus, there are reasons to doubt this argument, based on Mandarin evidence. First, tone may not be represented and processed the same way in all tone languages. As a result, Leben's (1978) suprasegmental framework, which was based on Etsako, Mende, and Hausa, may not be applicable to Mandarin. Second, although the major evidence came from spontaneous tongue slips in Mandarin, the methods by which these were collected in different studies were vulnerable to perceptual biases. Third, in the majority of the proclaimed tone movement errors (i.e., tone anticipations, perseverations, and exchanges), alternative explanations which do not involve an error process of the movement type cannot be ruled out.
We will postpone the exposition of the first argument until later. The second argument, well-known in slips research, has been articulated by Cutler (1982) . In the present article, we illustrate how some tone movement errors, as cited by Moser (1991) , Shen (1993) , and Wan (1996) , can be interpreted differently. All the errors cited here are elaborated in the Appendix. For each error, an intended and an actual utterance are given. Tones are represented by a sequence of numerals using Chao's (1968) system. The underlying form is used for the intended utterance, whereas the surface form (e.g., after tone sandhi is applied) is used for the actual utterance.
Errors (1) through (4) were cited in Wan (1996) , and error (5) was cited in Moser (1991) . Errors (1) and (2) may be due to the blending of two competing characters. 1 In error (1), the speaker may have planned for both nyu214 'female' and nan35 'male'; the two blended into nyu35, carrying the syllable of nyu214 and the tone of nan35. Similarly, in error (2), the speaker seemed to have both shang55-liang35 'consider' and tao214-lun51 'discuss' in mind; the first characters of the two words blended into shang214, again carrying the syllable of one character and the tone of the other.
There may be an objection to interpreting error (1) as the result of a blend. A common characterization of a blend is that " [it] occurs when a speaker has in mind simultaneously two ways of expressing the same message" (Fay, 1982, p. 165) . At the word level, this implies that the two words involved in a blend are necessarily synonyms (cf. Levelt, 1989) . However our corpus contained several instances of blending where the alternative speech plans were antonyms. For example, tsi35-mu214 'soft mother' and yen35-fu51 'harsh father' blended into tsi35-fu51 'soft father'. In another example, ba51-ba51 'father' and ma55-ma55 'mother' blended into ba55. Thus, although we do not yet have a full understanding of blends, these examples are sufficient to render plausible our interpretation of error (1) as a blend.
Error (3) may be a malapropism. That is, ge35 'apart' was substituted for ge (a classifier), perhaps because of the high phonological similarity between the two characters.
Error (4) may be caused by a misapplication of the tone sandhi rule. This explication requires a bit more detail. The tone sandhi rule states that a third tone (i.e., tone 214) is to be changed to a second tone (tone 35) if it is followed by a third tone. A correct application of the rule would be, for example, if tone 214 + tone 214, then tone 35 + tone 214. What might have happened in error (4) is that hen214, partially satisfying the condition of the rule, triggered its application and produced the output of hen35-au21.
Error (5), given by Moser (1991) , may actually be a syllable anticipation error, where the syllable of yuan35 moved to replace the syllable of ren51. The tones of the two characters remained in their respective positions. Shen (1992 Shen ( , 1993 listed ten tone movement errors: four classified as anticipations, five as perseverations, and one as an exchange. Like those given by Wan (1996) , tone anticipations and perseverations may be explained by blending, haplology, malapropism, or the misapplication of the tone sandhi rule. Only tone exchange seems to evade an alternative explanation. However, such an explanation would be possible if sufficient contextual information were available.
Overall, the limited evidence from the Mandarin slips of the tongue does not appear firm enough to corroborate the findings from Thai or to support the view that tones are represented and processed in the same fashion as consonants and vowels.
In the present study, we analyzed a corpus of naturalistic tongue slips in Mandarin Chinese to investigate further the representation and processing of tone. The corpus was substantially larger in size than those used by Wan (1996) and Shen (1993) . All the errors were collected from tape-recorded radio call-in programs and verified through repeated listening. To anticipate the result of the study, we found no clear evidence of tone errors of the movement type. Like those reported by others, most of the suspected tone errors could be attributed to an error process other than anticipation, perseveration, or exchange.
METHOD

The corpus
Radio call-in programs have gained much popularity in Taiwan in the past few years. Typically, a current social issue is introduced by the program host. This is followed by a discussion among two or three discussants. Sometime into the program, the audience is encouraged to call in, to join the discussion, and to give their opinions. Because these programs contain live and spontaneous speech, they were used as the speech sample for the present study. The daily programs from the China Broadcasting Corporation, each 40 minutes in duration, were tape-recorded everyday except holidays. The corpus accumulated continuously; the part that was analyzed for the present study consisted of 120 programs.
A research assistant was trained to listen to the tapes for speech errors. This assistant listened to each program twice. A second assistant listened to the same tapes independently once. The errors they identified were then verified by the author. The tapes were replayed whenever necessary and for as many times as needed to confirm the errors. An initial methodological check of the reliability of the procedure indicated a satisfactory level of accuracy (cf. Chen, 1996 Chen, , 1997a . The check involved transcribing the contents of four separate programs phonetically and comparing the errors identified from the transcriptions with the errors previously noted. The two procedures yielded the same errors.
A total of 1,317 errors were initially identified. A sizable number of these errors were excluded because it was unclear whether they were the result of production failures (e.g., speaker's accent, momentary memory lapses while quoting numbers, change of intention, etc.). The final corpus contained 987 errors.
Definition of a tone error
Any character bearing an incorrect tone was classified as a "suspected tone error." These errors were examined to determine whether they resulted from the movement (and replacement) of the tone from a nearby character. If they did, they were considered tone errors, given the definition of the present study. Alternative explanations were also sought to account for the errors. In cases where such explanations could not be ruled out, the tone errors remained in the suspected tone error category.
RESULTS
Tone errors
A total of 24 tone errors were identified. Of these, however, eight could be interpreted as character blends, three as haplology, two as malapropisms, four as a misapplication of the tone sandhi rule, and two as rhythmic perseverations. Only five of the suspected tone errors could not be attributed to an alternative explanation. Of these, one could be classified as an anticipatory error and four as perseverative errors. For the remaining error, no obvious target could be traced from the immediate context. The Appendix lists the 24 errors, organized by explanatory categories.
Errors (6) through (13) can be interpreted as character blends. In (6), jiao55-gei214 and zhuan214-gei214 both mean 'to hand over'; the first characters of the two words blended into zhuan55. In (7), pi55-ping35 and pi55-pan51 both mean 'to criticize'; the second characters of the two words blended into pan35. In (12), both ba51-ba and ma55-ma appear to be in the active speech plan, resulting in the blending of the two; the outcome was a combination of the syllable of ba51 and the tone of ma55. In (13), guan55-huai35 and guan55-ai51 both mean 'to care about'; the second characters of the two words blended into huai51.
Error (14) to (16) can be interpreted as haplology. In (14), the syllable of dao51 ran into the slot for gong55, producing dao55. In (15), the initial syllable of duo55 and the final syllable of fu35 were fused together, retaining the tone of fu35; the rest of the utterance between the two characters was omitted. In (16), cung35 ran into the slot for tung214, producing cung21.
Errors (17) and (18) can be interpreted as malapropisms. In (17), fei51-liao51 'waste' was substituted for 'fei35-liao51' 'fertilizer'. In (18), kai55-chu55-le 'issued' was substituted for kai55-chu35-le 'fired', where chu35-le 'other than' had been said in the last clause.
Errors (19) to (22) can be interpreted as a misapplication of the tone sandhi rule. In (19), the tone sandhi rule mistakenly identified the second third-tone character as its input and changed it into a second tone. In (20), four consecutive third-tone characters were in the plan; the tone sandhi rule should have been applied to the first and the third characters. It appears, however, that the speaker missed the last character and applied the rule by considering only the first three characters. This involved changing the tones of the first two characters into second tones, while retaining the tone of the third character. As a result, the tone of the fourth character was forced to change to a tone other than the third tone to avoid a violation of the tone sandhi rule. That it changed to a fourth tone might have to do with the presence of a fourth tone in the neighborhood. Error (21) is similar to error (5): the tone sandhi rule was applied where it should not have been, resulting in a tonal pattern consistent with the output of the rule. Error (22) might be the result of a failure to apply the correct sandhi rule for the first tone. According to the rule, a first tone should be changed to a second tone when followed by a fourth tone or to a fourth tone when followed by a third tone; it should remain a first tone when followed by a first or a second tone. The speaker applied the tone sandhi rule, but under the wrong condition (i.e., the third condition). The output, then, prescribed that the tone following the first tone be either a first tone or a second tone. In this error, a first tone instead of a second tone was produced, probably due to a lexical bias.
Errors (23) and (24) could be due to the perseveration of the tonal pattern emerging from the prior utterance. In error (23), the speaker seemed to have fallen into a rhythmic pattern created by the utterance prior to the target word: specifically, the tonal pattern of 35-35-51 in shi35-shi35-qu51 . The pattern persevered to produce the erroneous utterance ti35-xing35 zheng51. Similarly, the speaker making error (24) seemed to have fallen into the rhythmic pattern of 51-21-51 created by the utterance prior to the target word. The pattern persevered to produce the error shi51 xi21-(wang51). We acknowledge, however, that errors (23) and (24) could also be interpreted as resulting from the perseveration of a single tone instead of a rhythmic pattern.
Error (25) appears to contain an anticipatory error followed by a perseverative error. Errors (26), (27), and (28) could be perseverative errors. In error (26), biao214 carried a fourth tone -probably as a result of the perseveration of the previous fourth tone. Error (27) could be due to the perseveration of the fourth tone of zan51. The erroneous tone of xuei214 in error (28) might have been elicited by the perseveration of the tone of the preceding character.
The cause of error (29) cannot be determined from the immediate context.
Two errors were made in this case. First, the speaker anticipated the tones for kao55-xiung35 while intending to produce jie55-ting55; this resulted in the syllables of the latter assuming the tones of the former. Then, the speaker, being unsure of the accuracy of the correction, repeated the tones of jie55-ting55 while attempting to produce kao55-xiung35. Because no obvious target can be traced from the immediate context, the error probably should not be regarded as a movement error.
To sum up, of the 24 suspected tone errors, only four may be considered movement errors. And of these, only one may be of the anticipatory type. The rest are perseverations.
Segment errors
These findings about tone errors contrast sharply with concurrent findings about errors involving consonants, vowels, and various syllable constituents. The latter errors were abundant in the corpus. We counted 136 of these errors, of which 74 were anticipations, 57 perseverations, and 5 exchanges. The distribution of the different types of these movement errors was comparable to that involving larger linguistic units (i.e., characters, words, and phrases). Examples of each type of movement errors are given in the Appendix.
One important finding about movement errors is that tones were never affected by the movement of segments. Whenever the consonant, the vowel, or the entire syllable of a character moved, its tone remained the same.
DISCUSSION
The present study employed a better method of collecting naturalistic tongue slips. It was found that, of the 24 suspected tone errors, 19 could be attributed to other error processes such as character blending, haplology, malapropism, misapplication of the tone sandhi rule, and rhythmic perseveration. Among the remaining five errors, only four could reasonably sustain an explanation of tone anticipations or perseverations. The other error probably did not involve the movement of tone. These findings contrast sharply with those about segments, where movement errors are abundant. Furthermore, the majority of the tone movement errors consist of perseverations. This pattern becomes even more obvious when we reclassify the two cases of rhythmic perseverations as tone movement errors. By contrast, segmental errors are primarily of the anticipatory type. Taken together, the results of the present study offer no strong evidence to support the view that tones in Mandarin Chinese are represented and processed similarly to consonants and vowels.
One possible explanation for the disparity between segmental and tonal errors is that the number of tones (4) is significantly smaller than the number of segments (37) in Mandarin; therefore, the probability of error should be lower for tones than for segments. The greater number of segments also implies that the temporal sequencing of segments is more complex than that of tones and, therefore, more prone to errors. This explanation assumes that tones behave like segments in Mandarin. However, this explanation does not adequately account for why tones are more prone to movement errors in Thai than in Mandarin. One explanation that may account for this cross-language difference lies in the fact that a tone is associated with a word in Thai, but it is associated with a single syllable (i.e., character) in Mandarin. Because a word may contain more than one syllable, there is a need in the production process to map the components of the tone to the syllables. It is this mapping process that renders the tone vulnerable to error. When a tone is associated with a single syllable, the relationship between the two is unique, and no mapping is required. The absence of the mapping process, then, exempts Mandarin from possible tone errors.
The contrastive behavior of tones and segments leads us to postulate the following. First, tones are suprasegmentals in their underlying forms and remain so until they are processed to the phonetic stage. At this stage, they are translated into specific pitch contours and become part of the phonetic configurations of the vowels or rhymes with which they are associated. In other words, Mandarin tones never become autosegmental during speech production.
Second, segments are represented and processed as production units, which are selected from mental storage and inserted into a phonological frame for a character. The phonological frame consists of hierarchically ordered slots (depending on the syllable-internal structure) for containing the segments. Tones are regarded as part of the phonological frame.
Third, analogous to English, where a relatively clear model of phonological encoding for a single word is available (cf. Levelt, 1989) , the representation and processing of tones in Mandarin are akin to those of stresses in English. These are illustrated in Figure 1 , which is adapted from Levelt (1989, Figure 9.1) . Like stress, a tone is initially represented as a diacritic feature (the superscripted numeral) after being detached from a character. It is passed down the tree of the phonological frame to the phonetic level, where it is translated into the vowel that carries it and becomes part of its phonetic configuration (indicated by a pitch contour). Tone sandhi is assumed to take place during the phonological spellout stage: that is, right after syllable/tone spellout and before phonetic spellout.
APPENDIX
What follows is a list of proclaimed tone errors (as cited in Wan, 1996, and Moser, 1991) , suspected tone errors, and segmental errors observed in the present study from a corpus of 987 Mandarin slips of the tongue. The suspected tone errors are categorized by type of alternative explanation.
pheme." This term is inadequate because it does not correspond exactly with a character. In Chinese, there are monomorphemic words that contain two characters: for example, hu 2 -die 2 'butterfly' and you 1 -mo 4 'humor'.
